Abstract. New determinations of the mean longitudinal magnetic field, of the crossover, and of the mean quadratic magnetic field of Ap stars are presented. They are based on spectra recorded simultaneously in both circular polarizations at ESO with the CASPEC spectrograph fed by the 3.6 m telescope. This paper discusses 95 observations of 44 stars. A major result of this study is the discovery that HD 137509 has a predominantly quadrupolar magnetic field, a strucuture previously found in only a couple of stars. Improvement or revision of the determination of the rotation period has been achieved for 3 stars. The stars studied in this work include 14 rapidly oscillating Ap stars (for 6 of which no previous attempt to detect a magnetic field had ever been made) and 21 Ap stars with spectral lines resolved into their magnetically split components when observed at high enough dispersion in unpolarized light (for 9 of these stars, no determination of the longitudinal field had been performed before).
Introduction
The papers of this series are devoted to the diagnosis of the magnetic field of Ap stars from the consideration of the polarization of their spectral lines. Particular attention is Send offprint requests to: G. Mathys Based on observations collected at the European Southern Observatory (La Silla, Chile; ESO programmes paid to the information contents of the profiles of the polarized lines, an aspect whose study has become possible thanks to the use of modern linear detectors such as CCDs. The first paper of the series (Mathys & Stenflo 1986 ; hereafter Paper I) introduced the kind of analysis techniques that was contemplated for this project. Paper II presented measurements of the mean longitudinal magnetic field of a sample of Ap stars. The uncertainties affecting the diagnosis of stellar magnetic fields through the methods applied in this series of papers were discussed in general terms in Paper III . The application of the results of this discussion to the determination of the longitudinal field led to the revision of the values of the latter that had been derived in Paper II. The first ever quantitative measurements of the crossover were reported in Paper IV (Mathys 1995a ). Paper V (Mathys 1995b ) was devoted to the mean quadratic magnetic field.
The circularly polarized spectra analyzed in Papers I to V had all been recorded between 1985 and 1988 with the same configuration of CASPEC (the ESO Cassegrain Echelle Spectrograph, attached to the ESO 3.6 m telescope) and of its Zeeman analyzer. This configuration has been described in detail in Paper I. Between 1989 and 1994, CASPEC and its Zeeman analyzer underwent a number of modifications, to bring them to their current configuration, which has been stable since early 1995. We present here the magnetic field determinations performed using observational data obtained during the 1989-1994 transition period (in part as check of the proper operation of the instrument after its various modifications). The magnetic fields have been diagnosed through application of the methods described in Papers III to V. The present data complement the results reported in those papers. In particular, new observations have been obtained for several of the stars studied therein, improving the phase coverage of their variations and the definition of their magnetic curves. On the other hand, we also present magnetic data for a number of stars that we had never studied before. These data are still very incomplete, but they are often the first measurements based on spectropolarimetry of the magnetic fields of the considered stars, which should confer them enough interest to warrant publication.
In the next section, we describe the observations and their reduction. Section 3 summarizes the methods of analysis. The resulting magnetic field measurements are presented and discussed, star by star, in Sect. 4. The main results of this study and the conclusions that can be drawn from them are summarized in Sect. 5.
Observations and reduction
The observations reported here were performed with the ESO 3.6 m telescope and its Cassegrain Echelle Spectrograph (CASPEC) on the following dates: May 21-25, 1991; June 7-9, 1992; August 10-13, 1992; February 7-8, 1993; and July 24-27, 1993 . The Zeeman analyzer built into CASPEC was inserted in the light path to separate incoming light of right and left circular polarization (RCP and LCP, resp.) , and the spectra corresponding to both polarizations were recorded simultaneously, interleaved as described in Paper I.
The configuration of the Zeeman analyzer used in 1991 and 1992 is identical to the one that had been employed between 1985 and 1988 to record the spectra from which the magnetic results presented in Papers I to V had been derived. A detailed description of this configuration has been given in Paper I. It appears useful to summarize it here for understandability of the differences introduced in the instrumental setup after 1992. Namely, the analyzer was originally a self-contained unit mounted behind the entrance slit of the spectrograph on the wheel also bearing the "rear slit viewer" used to center the target in the slit at acquisition time. This wheel is remotely controlled via the instrument computer, so that the analyzer can be called into the light beam at exposure definition time through the observation interface. Within the analyzer, the light beam passes consecutively through: -a first set of lenses, to convert the diverging beam into a parallel beam; -an achromatic quarter-wave plate, to convert incoming opposite circular polarizations into mutually orthogonal linear polarizations; -a Wollaston prism, to separate these two orthogonal linear polarizations; -a second set of lenses, to bring back the two emergent light beams to the original focal ratio of the incoming beam. In principle, this design guarantees that the focus of CASPEC is unaffected by the presence of the Zeeman analyzer in the light beam. In practice, a small focus offset is introduced by the Zeeman analyzer, which is easily accounted for when defining an exposure by introducing the appropriate correction of the (remotely controlled) collimator position through the observation software.
The two light beams coming out of the Zeeman analyzer have polarization directions resp. parallel and orthogonal to the grooves of the echelle grating, so that they are reflected by the latter with different efficiencies. This results in differences in the continuum level between the spectra corresponding to incoming light of RCP and LCP. This difference is compensated for at reduction time by renormalizing the spectra of both polarizations to the same continuum level of 1. This is acceptable because we are interested only in the polarization of spectral lines in objects whose continuum has no significant circular polarization. From 1993, the Zeeman analyzer of CASPEC has been modified as followed (the February 1993 observations reported here were the first test of this modified configuration):
-within the self-contained unit borne by the "rear slit viewer wheel", the quarter-wave plate and the Wollaston prism have been interchanged; -an additional achromatic quarter-wave plate has been installed in a filter wheel located between the spectrograph entrance slit and the "rear slit viewer wheel", whose original purpose is to hold interferential filters used to select a single echelle order in view of recording long-slit (not cross-dispersed) spectra of extended objects. As the other functions of CASPEC, this "longslit filter wheel" is remotely controlled through the observation software.
In this new configuration, the stellar light first goes through the quarter-wave plate located in the "long-slit filter wheel". As a result, incoming circular polarizations are converted to mutually orthogonal linear polarizations. These linear polarizations are separated by the Wollaston prism of the unit borne by the "rear slit viewer wheel". The two resulting light beams are converted back to circular polarization by the quarter-wave plate following the Wollaston prism within the analyzer unit. This allows them to be transmitted with the same efficiency by the subsequent elements of the optical train.
There are a number of additional differences of instrumental setup between the various observing runs reported in this paper, and with respect to the homogeneous set of observations discussed in Papers I to V. They will now be described.
In May 1991 and in June 1992, we used the same camera ("short camera", f/1.6) and echelle grating (52 lines/mm) as between 1985 and 1988. But the CCD RCA #3 (512 × 320 pixels of 30 × 30 µm 2 ) that we had previously employed was replaced by the CCD Tektronix #16 (512 × 512 pixels of 27 × 27 µm 2 ). As a result, a slightly higher spectral resolution was achieved (λ/∆λ ≈ 1.8 10 4 ), and a significantly longer spectral range was recorded overall (from 5400Å to 6800Å), although at the expense of somewhat larger wavelength gaps between consecutive echelle orders.
In August 1992, the "long camera" (f/3, Pasquini 1993) of CASPEC was for the first time used in combination with the Zeeman analyzer (still in its old configuration). The larger interorder separation then achieved on the CCD allowed the use of the 31.6 lines/mm echelle grating without overlapping of opposite polarizations of consecutive orders (see Paper I). The efficiency of this grating in the spectral region of interest is higher than that of the 52 lines/mm grating, which compensates to some extent for the increased slit losses (for full exploitation of the resolution achievable with the long camera, λ/∆λ ≈ 3.5 10 4 , the slit width was set to 1. 05, compared to 2. 1 with the short camera). Also, all other things being equal, the use of the 31.6 lines/mm grating would reduce the interorder gaps in the wavelength coverage, compared to the 52 lines/mm. However, with the small size of CCD #16 (which was mounted for the considered run), the increase in the geometrical scale between the short and the long camera more than cancels this advantage, since a large fraction of the whole cross-dispersed echelle pattern falls outside the detector boundaries. As a result, the spectra range only from 5710Å to 6450Å, with gaps of 17Å to 27Å between consecutive orders.
The first tests of the modified configuration of the Zeeman analyzer in February 1993 were carried out with essentially the same setup as used in May 1991 and June 1992: 52 lines/mm echelle grating and short camera. This time, the CCD was #32, a Tektronix chip having the same format as #16 but a higher efficiency in the blue-violet part of the spectrum: that is, this detector was essentially equivalent to #16 for our purpose.
CCD #32 was also used for the observations of July 1993, together with the configuration of the Zeeman analyzer introduced in Februray 1993, the 31.6 lines/mm echelle grating, and the long camera of CASPEC.
This latter configuration is closest to the present standard setup of CASPEC for observations with the Zeeman analyzer. The only difference is that CCD #32 has been replaced by #37, a Tektronix of 1024 × 1024 pixels of 24×24 µm 2 . With this setup, spectra can now be recorded at a resolving power λ/∆λ ≈ 3.9 10 4 over the range 5600Å−6800Å, without gaps in the wavelength coverage. This configuration is mentioned here only for completeness of the record. Using it, we are currently regularly obtaining observations for a new programme, the results of which will be presented in a future paper.
The various configurations of CASPEC and of its Zeeman analyzer that we have employed for studies of stellar magnetic fields are summarized in Table 1 . The dates at which each configuration was used are given in Col. 1. The two configurations of the Zeeman analyzer (ZA) itself, which have been described above, are called "old" and "new" in Col. 2. The echelle grating is referred to in Col. 3 by its number of lines per millimeter. Since 1991, CASPEC users have been offered the choice between two cross-dispersers (X-disp.), a "blue" one and a "red" one, which are optimized to give a better efficiency resp. at blue or at red wavelengths. Although the red cross-disperser should be slightly more efficient than the blue one in the spectral range covered by our observations, it is unsuitable for our purpose: when using it, the echelle orders are too packed, and opposite polarisations of consecutive orders would overlap when the Zeeman analyzer is inserted in the light beam. Accordingly, we have always used the blue cross-disperser, as indicated in Col. 4 of Table 1 . Columns 5 and 6 of this table give the camera used (short or long), and the CCD (referred to by its internal ESO number). The data reduction steps have been described in Paper II. The procedure applied to the present observations differed from the one used for the 1985-1988 data only in two (minor) aspects:
-while a specific FORTRAN code had been written for the reduction of our former spectra, here we used MIDAS procedures built from existing MIDAS commands. This simplification (from the point of view of the user) was made possible by the use of more powerful computers (Unix Sun workstations instead of a VMS Vax 11/750) and by the increased versatility and robustness of the MIDAS echelle package, which permitted us to use standard commands in spite of the non-standard format of the interleaved right and left circularly polarized spectra; -we gave up using an automatic procedure for normalization of the spectra to the continuum, which we did not always find fully satisfactory. Instead, a polynomial was fitted to the high points of each order, defined interactively by cursor entry. The reduced spectra have signal-to-noise ratios ranging from 100 to 300 (most of them between 150 and 200). The rms deviation of the lines of the ThAr arc spectra used for wavelength calibration with respect to the fitted dispersion law is of the order of 3 to 3.5 mÅ with the short camera, and of 1.5 to 1.8 mÅ with the long camera.
The stars for which magnetic field measurements are reported here are listed in Table 2 . The presentation is Table 2 of Paper III): the HD (or HDE) number and another identifier in Cols. 1 and 2, the V magnitude and the spectral type (both from the catalog of Renson et al. 1991) in Cols. 3 and 4, the adopted value of the rotation period P and the reference from which it is retrieved in Cols. 5 and 6, the heliocentric Julian date taken as the origin of the phases, the particular property (e.g. a magnetic field extremum) from which this origin is defined, and the corresponding reference in Cols. 7 to 9.
Magnetic field diagnosis
Stellar magnetic fields are diagnosed from the observational material described in the previous section through application of the moment technique (Mathys 1988) , in essentially the same manner as in Papers III to V. The following moments of the magnetic field have been determined in the present study:
-the mean longitudinal magnetic field H z , -the crossover, that is, the product of the projected equatorial velocity v sin i and of the mean asymmetry of the longitudinal magnetic field x H z , -and the mean quadratic magnetic field (
For the sake of clarity, let us briefly recall the meaning of each of these quantities, and how they are derived. The reader is referred to Mathys (1988 and to Papers II to V for a discussion of the approximations underlying these derivations.
The mean longitudinal magnetic field (in short, the longitudinal field) is the average over the stellar hemisphere visible at the time of observation of the component of the magnetic field parallel to the line of sight, weighted by the local emergent spectral line intensity. It is diagnosed from the first order moment of the line profiles in the Stokes parameter V (characterizing the circular polarization), that is, from the wavelength shift of the spectral lines between RCP and LCP. The latter can be written under the form:
is the wavelength of the centre of gravity of the line as recorded in RCP (LCP). ∆λ Z = k λ 2 0 is the Lorentz unit (λ 0 is the laboratory wavelength of the line and k = 4.67 10 −13Å−1 G −1 ).ḡ is the effective Landé factor of the considered transition, which characterizes the displacement of the centre of gravity of its σ + components with respect to the line centre.
In practice, the wavelength shifts (λ R − λ L ) are measured for a sample of spectral lines. H z is determined by performing a linear regression of these measurements as a function of 2ḡ ∆λ Z , applying the least-squares method. This linear regression is forced through the origin and weighted by the uncertainties of the measurements of λ R − λ L . The evaluation of the latter is described in detail in Paper III. The standard error σ( H z ), obtained from the least-squares analysis, is used as an estimate of the uncertainty of the derived longitudinal field.
The mean asymmetry of the longitudinal magnetic field x H z (more briefly, the asymmetry of the longitudinal field) is the first-order moment about the plane defined by the line of sight and the stellar rotation axis of the component of the magnetic vector parallel to the line of sight. This moment is computed over the visible stellar hemisphere and weighted by the local emergent spectral line intensity. The quantity which is directly obtained from the observations is the product of the asymmetry of the longitudinal field and of the projected equatorial velocity v sin i. We call this product the crossover. It is derived from the second-order moment about the line centre of the line profile in the Stokes V parameter, R V (λ 0 ) can be expressed as:
where ∆λ R = λ 0 (v/c) sin i (as usual, v is the stellar equatorial velocity and i the angle between the rotation axis and the line of sight). In practice, the crossover is derived like the longitudinal field, by performing a weighted regression analysis over a set of measurements of R The mean quadratic magnetic field (or quadratic field) is the square root of the mean square magnetic field. The latter is the sum of two terms:
-the mean square magnetic field modulus H 2 , that is, the average over the visible stellar hemisphere of the square of the modulus of the magnetic vector, weighted by the local emergent line intensity; -the mean square longitudinal magnetic field H 2 z , that is, the average over the visible stellar hemisphere of the square of the component of the magnetic vector parallel to the line of sight, weighted by the local emergent line intensity.
The quadratic field is at least equal and generally greater than the mean magnetic field modulus H 1 . Indeed, even in the (hypothetical) case of zero contribution of the longitudinal field term H Table 3 . Mean longitudinal magnetic field, crossover, and mean quadratic magnetic field ( H 2 ) 1/2 still exceeds H by an amount characterizing the scatter of the local values of the field modulus around H across the stellar surface (see Paper V and Mathys 1993 for details).
The quadratic field is diagnosed from the second-order moment about the line centre of the unpolarized line profile, R 
S 2 and D 2 are atomic parameters obtained from linear combinations of the effective Landé factor and of the second-order moments of the π and σ components of the transition about their respective centre. They characterize the total spread of the Zeeman pattern and its anomalous character. Their expression in terms of the Landé factors and of the total angular momentum quantum numbers of the atomic levels between which the transition takes place has been established by Mathys (1988) and Mathys & Stenflo (1987a,b) . C is a constant accounting for the non-magnetic part of the unpolarized line width (including contributions such as natural width, rotational and thermal Doppler broadening, instrumental profile, etc.). Again, the actual determination of the quadratic field is carried out through measuring R (2) I (λ 0 ) for a sample of lines and performing a weighted linear regression of the form given in Eq. (3) over this set of measurements. Contrary to the cases of the longitudinal field and of the crossover, this regression is not forced through the origin. Instead, two free parameters are determined from it: the quadratic field and the constant C. In Paper V, for stars repeatedly observed at various rotation phases, it was assumed that C is phase-independent: accordingly, a single value of this constant was derived from the simultaneous consideration of all the observations of the considered star, which allowed a better accuracy to be achieved. Here, this approach can no longer be used, because of the inhomogeneity of the data (resulting from the use of different instrumental configurations). As a result, the accuracy of the present determinations of both C and (
is less good than in Paper V, even when these determinations rely on spectra of better resolution.
Results

Generalities
Magnetic field moments have been derived as described in the previous section from 95 observations of 44 stars. These measurements are presented in Table 3 . The columns give, in order: the star HD (or HDE) number, the heliocentric Julian date of mid-observation, the rotation phase (for stars whose rotation period is reliably known), the longitudinal field H z and its estimated uncertainty σ z , the crossover v sin i x H z and its estimated uncertainty σ x , the quadratic field ( H 2 + H 2 z ) 1/2 and its estimated uncertainty σ q , and the number of spectral lines used for the determination of the field moments. The absence of entries in the last two columns corresponds to cases when the fit of the measurements of R (2) I (λ 0 ) by a function of the form given in Eq. (3) yields a negative value of ( H 2 + H 2 z ). As discussed in Paper V, this may happen when the square field is small compared to the accuracy which can be achieved in its diagnosis.
For the stars for which observations have been obtained repeatedly throughout the rotation cycle (including observations already reported in Papers III to V), the variations of the field moments can be well represented either by a cosine wave:
or by the superposition of a cosine and of its first harmonic:
In these expressions, A H stands for any of the measured quantities
. φ is the rotation phase, determined using the values of the period P and of the Julian date HJD 0 of the phase origin which appear in Table 2 . The mean value A 0 , the amplitude(s) A 1 (and when significant A 2 ), and the phase(s) φ 1 (and possibly φ 2 ) of the variations are derived through a leastsquares fit of the field moment measurements by function (4) or (5). This fit is weighted according to the uncertainty of the individual measurements.
The results of those fits are presented in Table 4 (for H z ; the amplitudes are denoted H i , i = 0, 2, and the phases φ Hi , i = 1, 2), Table 5 (for v sin i x H z , amplitudes X i and phases φ Xi ), and Table 6 (for (
1/2 , amplitudes Q i and phases φ Qi ). Columns 7 to 9 of these tables give the number of degrees of freedom about the fit ν, the reduced χ 2 of the fit χ 2 /ν, and the multiple correlation coefficient R. Graphical representations of the fits also appear in several of the phase diagrams plotted below. In those diagrams, the meaning of the symbols used to represent the data points is as follows. Filled squares correspond to our measurements of Papers III to V. Our new data appear either as open squares (for those obtained with the long camera of CASPEC) or as filled triangles (corresponding to observations performed with the short camera of CASPEC). When data of other authors are included in the figures for comparison, crosses are used to distinguish them. As in the previous papers of this series, the error bars shown for our measurements correspond to ±1 σ.
The results obtained will now be discussed star by star.
Stars already studied in Papers II to V
HD 24712
Only 2 observations of the rapidly oscillating Ap (roAp) star HD 24712 were discussed in the previous papers of this series. Five new observations have now been obtained. The resulting 7 measurements of the longitudinal field are plotted together with Preston's (1972) data in Fig. 1 , against the phases computed from the value of the rotation period (12. d 4572) favoured by Kurtz & Marang (1987) . The phase diagram shown in Fig. 2 rests on the value of the period (12.
d 4610) proposed in Paper II. As suspected in that paper, comparison of Figs. 1 and 2 strongly supports the view that the actual value of the rotation period is (close to) 12.
d 4610. It has been shown in Paper II that this value is also consistent with 7 unpublished H z measurements Table 4 . Variation of the longitudinal field: least-squares fit parameters Table 5 . Variation of the crossover: least-squares fit parameters Table 6 . Variation of the quadratic field: least-squares fit parameters Kurtz & Marang (1987) have been discussed in Paper II.
Crossover and quadratic field remain below the detection limit in HD 24712, not surprisingly given its low v sin i and the small upper limit of its field modulus (Mathys & Lanz 1992 ).
HD 83368
HD 83368 is also a roAp star. Its fairly rapid rotation (v sin i = 33 km s −1 ) makes magnetic field diagnosis difficult. This accounts for our present inability to derive a quadratic field from our only new observation of this star, and for the rather poor accuracy of the crossover determination reported here. The latter, however, is not inconsistent with our previous data, as can be seen in Fig. 3 . The same figure also shows that our new H z measurement agrees quite well with our 12 earlier determinations. We confirm that, to the achieved accuracy, the curves of variation of the three field moments discussed in this paper do not significantly depart from sinusoids. Nevertheless, the variations of the quadratic field are at the limit of significance, and their shape cannot be regarded as well established.
HD 94660
Resolved magnetically split lines have been discovered in HD 94660 by . On the basis of photometric observations, Hensberge (1993) suggested that the rotation period of this star may be close to 2700 d. This is well supported by the mean magnetic field modulus measurements of hereafter MHLLM) . The latter authors also argued that no longitudinal field variations are detected either in our own measurements (2 in Paper III and 2 here) or in those of other authors (Borra & Landstreet 1975; Bohlender et al. 1993) . Given the good accuracy (of the order of 100 G) of our 4 H z determinations and their reasonable distribution in phase (assuming that the rotation period is indeed close to 2700 d), it appears unlikely that H z may vary with a peak-to-peak amplitude exceeding 300 or 400 G. This is amazing, considering that the peak-to-peak amplitude of variation of the mean field modulus H of HD 94660 must be about 300 G or larger, and that large variations of H are seldom observed, even in stars where H z is strongly variable and/or undergoes polarity reversal. In fact, HD 94660 appears as a unique case of a star where one observes definite variations of H but not of H z . This, consistently with the very anharmonic shape of the field modulus variations (see Fig. 26 of MHLLM) hints at a rather unusual geometrical structure of the magnetic field.
We neither detect any significant variation of the quadratic field. This is not unexpected: the relative amplitude of the latter should be at most of the same order as the relative amplitude of variation of the field modulus, that is, about 5%. Such variations are below the detection limit at the accuracy achieved in the quadratic field diagnosis. Note also that the ratio between (
and H is approximately 1.3. Finally, crossover can, of course, not be measured in a star rotating so slowly.
HD 98457
Our attention had been called to HD 98457 by its unusually large photometric variations (Waelkens 1985) . Our first two observations of this star, obtained at phases 0.152 and 0.983, had not allowed us to detect definitely a magnetic field from the consideration of any of the three field moments that we are studying (Papers II to V), although values of the quadratic field were measured at the 2.6 and 2.9 σ levels. We have obtained one new observation, at phase 0.446 (the uncertainty of the relative phasing with respect to our previous measurements should be less than 0.03). Again, we do not detect any significant longitudinal field or crossover, while we are unable to diagnose the quadratic field. Given the improvement of the phase sampling resulting from this new observation, it seems increasingly unlikely that HD 98457 may have a very strong magnetic field.
HD 116458
Like HD 94660, HD 116458 is a star in which magnetically resolved lines have been discovered by . The rotation period, P = 147.
d 9, has been determined from photometry by Hensberge (1993) , who has shown that it is consistent with our 5 measurements of H z presented in Paper II. These are complemented here by 5 new determinations. All our longitudinal field measurements are HD 116458 rotates too slowly to allow detection of any crossover.
From the consideration of the upper panel of Fig. 4 , the quadratic field of HD 116458 shows some hint of variability. However the amplitude of the corresponding sinusoidal fit is at most marginally significant (see Table 6 ). As a matter of fact, the field modulus of this star is not detectably variable (MHLLM), so that we do not expect H 2 to be variable either. Any variation of ( H 2 + H 2 z ) 1/2 should thus arise from the contribution of H 2 z . It can also be noted that the ratio between the mean value Q 0 of the quadratic field and the mean magnetic field modulus (see Table 3 of MHLLM) is 1.33.
HD 119419
Two new observations of HD 119419 have been obtained. When plotted together with our 20 previous measurements against the phase computed with the period 2.
d 6006 , the two new data show a definite phase shift, indicating that the period is no longer accurate enough to represent data that span a timebase of almost 2500 d (compared to less than 750 d for the measurements reported in the previous papers of this series). Accordingly, we revised the period determination, deriving an improved value P = (2.60090 ± 0.00012) d from our whole set of longitudinal field measurements. This value lies within the uncertainty range of the period obtained by . Note also that our magnetic data are definitely inconsistent with the value of the period (2. d 60562) proposed by Catalano & Leone (1993) on the basis of photometric data.
The contribution to the curve of variation of H z of a small but definite term with twice the rotation frequency of the star is confirmed (compare the fit of the data by a single sine curve and by the superposition of a sine and of its first harmonic in the lower panel of Fig. 5 ). The variations of the quadratic field occur with an amplitude too small compared to the accuracy with which (
1/2 can be measured to decide definitely whether they show any departure from harmonicity.
As mentioned in Paper IV, crossover is not clearly detected in HD 119419 (somewhat surprisingly). The upper limit given in Paper IV for this quantity remains unchanged.
HD 125248
In Paper II, we had shown that with the value of 9.
d 2954 proposed by Babcock (1960) for the rotation period of HD 125248, our 19 longitudinal field measurements could be adequately phased together with those obtained by Babcock (1951) 35 years before or more. By contrast, the use of the revised period value of 9.
d 29571 suggested by Catalano et al. (1992) introduces a relative phase shift of 0.07 between Babcock's (1951) data and ours, hence quite significantly degrades their agreement. Therefore, we stick to the value of the period proposed by Babcock (1960) .
The 2 new measurements of the field moments reported here agree well with our 19 previous determinations. In particular, H z , x H z , and ( H 2 + H 2 z ) 1/2 all vary nearly sinusoidally (see Fig. 6 ).
HD 126515
A refined value of the rotation period of HD 126515, P = 129.
d 95, has recently been derived from the consideration of measurements of its mean magnetic field modulus spanning 38 years (MHLLM). The same authors also pointed out the remarkable anharmonicity of the variations of the longitudinal field, from the simultaneous consideration of measurements of the latter obtained by Preston (1970) and van den Heuvel (1971) , and of our data published in Paper III (6 determinations) and reported here (3 additional points). The anharmonicity is fully confirmed by unpublished Hβ photopolarimetric determinations of H z (kindly provided by D. Bohlender & G. Hill) , which are shown together with our data in Fig. 7 . The agreement between the two sets of measurements is quite good. This is not trivial: significant, as yet not fully understood differences are observed for some stars between CASPEC ("photographic") and Balmer-line photopolarimetric H z determinations.
Our measurements alone are not sampling the stellar rotation cycle quite well enough to constrain the shape of the variation curve. Therefore, the fitted amplitude of the first harmonic is hardly significant (see Table 4 ). The contribution of this harmonic is nonetheless quite obvious in the lower panel of Fig. 8 .
Similarly, although a simple sinusoid gives an excellent fit to the variations of ( H 2 + H 2 z ) 1/2 , our measurements are somewhat too scarce and not quite accurate enough to rule out definitely a possible anharmonicity. The amplitude of the variations of the quadratic field is unusually large, consistently with the large amplitude of variation of the field modulus, which has long been known (Preston 1970) . However, the ratio between the maximum and the minimum of ( H 2 + H 2 z ) 1/2 appears smaller than the ratio between the extrema of H (MHLLM). Accordingly, 1/2 / H significantly varies along the rotation cycle, ranging approximately from 1.25 at field modulus maximum to close to 1.50 at field modulus minimum. This indicates that, at least at some phases, the contribution of H 2 z to the quadratic field must be rather considerable.
Crossover is not detected in HD 126515 as a result of its slow rotation.
HD 128898
After many unsuccessful attempts by various authors, the rotation period of HD 128898, the brightest of all roAp stars known, has been determined by Kurtz et al. (1994) : P = 4. d 4790. Using this value of the period, our 2 new observations can be phased together with our 5 older ones within an accuracy of 0.01 cycle. However, when our magnetic measurements are plotted against phase, no systematic trend is seen for any of the studied field moments, even though our observations sample rather well the rotation period. This is not too surprising, given the low level of rotational variability shown by the star in photometry or in spectroscopy. As a consequence, no progress is made in the knowledge of the magnetic field of HD 128898, with respect to the results already reported in Papers II to V: H z and x H z are below the detection threshold, while our observations are consistent with a fairly constant quadratic field of the order of 7.5 kG.
HD 137509
HD 137509 has one of the strongest magnetic fields known in an Ap star (Paper V). The distribution in phase of our 9 observations of this star obtained until 1988 was far from ideal (half of the rotation cycle remained unsampled), so that the variation curves of the various field moments were poorly constrained. The 5 new observations reported here improve this situation, and reveal the contribution of a very significant term with twice the rotation frequency in the variations of the longitudinal field and of the crossover (see Fig. 9 ). The first harmonic is possibly present in the quadratic field curve too, but for this field moment, our data are not quite conclusive yet. A marked double-wave character of the H z variations such as we find in HD 137509 had been observed so far in the stars HD 37776 (Thompson & Landstreet 1985) and HD 133880 (Landstreet 1990 ). This indicates that the magnetic field of HD 137509 has an unusually important quadrupolar component.
HD 137909
The 4 new observations of the famous cool Ap star HD 137909 that we present here fill only partly the gap in phase coverage of our 11 older data. But, thanks in particular to their better accuracy, they bring a significant improvement in the definition of the variation curves. For all three field moments considered here, these curves show no departure from sinusoids, in contrast with the very anharmonic behaviour of the field modulus (MHLLM). The quadratic field is approximately 1.25 times larger than the latter close to maximum, while the ratio between both goes down to very nearly 1.0 at their minimum. This remarkably small value of ( H 2 + H 2 z ) 1/2 / H , which had already been pointed out in Paper V, is unique among the stars that we have studied. It points to a rather unusual structure of the magnetic field. In particular, it indicates that at quadratic field minimum, the magnetic field of HD 137909 must be seen almost purely transversally. This view is supported by the relative phasing of the curves of variation of H z and of ( H 2 + H 2 z ) 1/2 (which are in The curves are least-squares fits of the data by a cosine wave (thin curves) and by the superposition of a cosine wave and of its first harmonic (thick curves)
quadrature with respect to each other -see Fig. 10 and Tables 4 and 6 ). But this apparent simplicity is misleading: the actual geometrical structure of the field of this star appears very complex and its detailed modelling is quite challenging (Leroy 1995; Wade 1995) .
HD 147010
Our 2 new observations of HD 147010 and the derivation of a refined value of its rotation period by Catalano & Leone (1993) do not significantly change the picture of its magnetic field that we had obtained from our previous 17 observations. Accordingly, the reader is referred to the 
HD 153882
Our 14 observations of HD 153882 published so far were not sampling the rotation period ideally, with a gap in the coverage left between phases 0.1 and 0.5. The 3 new observations reported here all fall in this gap, which allows the variation curves of the magnetic field moments to be better defined. The resulting fits are shown in Fig. 12 . While the longitudinal field and the crossover are adequately represented by a sinusoid with the rotation frequency of the star, we fully confirm the suspicion expressed in Paper V The curves are least-squares fits of the data by a cosine wave (thin curves) and by the superposition of a cosine wave and of its first harmonic (thick curves)
that the best fit to the quadratic field variations is given by a sinusoid with twice the rotation frequency, alone.
HD 165474
Preston (1971) has discovered resolved magnetically split lines in the spectrum of HD 165474 observed in unpolarized light. The mean magnetic field modulus of this star has been studied by MHLLM. According to these authors, H appears to undergo low-amplitude (200 to 300 G peak-to-peak) variations about a mean value of 6.5 kG, over a (rotation) period which could not be uniquely determined, but which may plausibly be quite short (the most probable value being 2. d 54).
Given the fairly large value of the field modulus, it is surprising that our 3 determinations of the longitudinal field all yield null values. In particular, the 2 new measurements reported here are significantly more accurate than the one published in Paper III and allow us to set a rather conservative 3 σ upper limit of the order of 210 − 240 G (in absolute value) for the longitudinal field of HD 165474. However, preliminary visual examination of an additional CASPEC observation of HD 165474 obtained in July 1996 shows the unmistakable signature of a definite longitudinal field. Thus our 3 null measurements so far just appear to be very unfortunately phased.
We have not detected any crossover in HD 165474 (with a quite stringent 3 σ upper limit of 1.5 km s −1 kG in our last observation). This is not quite unexpected for a star having resolved magnetically split lines, but the result is nonetheless non-trivial if the rotation period is as short as 2.
d 54 (note that HD 137909, another star with magnetically resolved lines with a rotation period of 18.
d 5, does show significant crossover).
Our 2 new determinations of the quadratic field yield values of this field moment of the order of 7.0 kG, while a value of 10.1 kG had been obtained in Paper V. However, the uncertainty of the latter was larger, so that there is no major inconsistency between it and the more recent measurements, within the limits of their respective accuracies. Tentatively adopting 7.0 kG as the representative value of the quadratic field, the ratio between this field moment and the mean field modulus (MHLLM) is of the order of 1.08.
HD 168733
From photometric observations, Manfroid & Renson (1994) have derived an unambiguous value of the rotation period of HD 168733 (P = 6. d 3540), which however seemed inconsistent with the longitudinal magnetic field measurements of Jones & Wolff (1974) . The 4 observations of this star reported here were obtained as part an effort to solve this discrepancy. Together with 3 former observations discussed in Papers II to V, they sample well the rotation cycle. Still, the standard deviation of the resulting 7 H z measurements is only 130 G, that is, quite comparable to the typical uncertainty of the individual determinations. Thus, we are not detecting any significant H z variation. We are led to speculate that, as is known to have occurred frequently for H z diagnosis from photographic plates, Jones & Wolff (1974) somewhat underestimated the uncertainty of their measurements (they quote a typical probable error of 150 G), and that the standard deviation of their data (310 G) only reflects their random errors. Thus we argue that the longitudinal field of HD 168733 is not detectably variable, and that its mostly constant value is close to the average of our 7 determinations, −636 G (which is consistent with the average of all the measurements of Jones & Wolff: −688 G).
The absence of a measurable crossover in HD 168733 is not surprising, given that fairly sharp spectral lines had been observed at high dispersion by Mathys & Lanz (1992) . We had been unable to determine the quadratic field in Paper V, and we achieve only one marginally significant detection here (3.7 kG at the 3.3 σ level). The curves are least-squares fits of the data by a cosine wave (thin curves) and by the superposition of a cosine wave and of its first harmonic (thick curves)
HD 175362
The anharmonicity of the variations of the longitudinal field of HD 175362, first suspected by Borra et al. (1983) , has been definitely established in Paper II. A similar anharmonicity was found in Paper IV for the crossover. By contrast, the quadratic field variations could be satisfactorily represented by a sine wave alone (Paper V), although a small contribution of the first harmonic could not be excluded. A relative weakness of the 24 observations of HD 175362 described in Papers II to V is their uneven distribution in phase: 3 groups of points concentrated resp. between phases 0.355 and 0.417, between phases 0.545 and 0.682, and between phases 0.821 and 0.939, plus 3 points between phases 0.087 and 0.132. In other words, less than half of the cycle was sampled densely, and the shape of the variation curves in the remaining large gaps was poorly constrained. The 5 new observations presented here partly fill those gaps and provide some of the missing constraints, but the conclusions about the general shapes of the curves are not altered (see Fig. 13 and Tables 4 to 6).
HD 187474
Resolved magnetically split lines have been discovered in HD 187474 by Didelon (1987) . Our 4 new observations of this star are rather unfortunately phased, since they sample essentially the same half of the 2345 d rotation period of this star as the 7 observations discussed in Papers II to V. This is not critical for the longitudinal field, for which excellent measurements had been secured by Babcock (unpublished, see Paper II) throughout the whole cycle. But the gap in the quadratic field curve between phases 0.22 and 0.70 appears particularly regrettable in view of the quite unusual behaviour of the field modulus in this phase range -note especially the sharp raise of H starting at phase 0.2 (MHLLM). In these conditions, it does not appear suitable to try to find a mathematical function representing the ( H 2 + H The fit of a cosine to our H z measurements, shown in the lower panel of Fig. 14 (coefficients in Table 4 ), must also be regarded as provisional, although consideration of Babcock's data (see Fig. 33 of Paper II) suggests that it is probably not too far from reality. The ratio between the quadratic field and the mean field modulus between phases 0.8 and 0.2 (where H is fairly constant) is approximately 1.50.
Of course, the very slow rotation of HD 187474 rules out any possibility of detection of crossover.
HD 188041
HD 188041 is another long period (223.
d 9, see Hensberge 1993) star with resolved lines (Preston 1971) . Our 7 observations (4 of which had already been discussed in the previous papers of this series) are insufficient to characterize the behaviour of its longitudinal field by themselves, but they appear roughly consistent with Babcock's (1954 Babcock's ( , 1958 data.
No significant crossover nor quadratic field was detected in this star.
HD 201601
The slow drift of the longitudinal field of HD 201601 from 1946 to 1988 has been illustrated in Fig. 37 of Paper II. Leroy et al. (1994) have presented compelling arguments (based on broad-band linear polarization measurements) definitely establishing that the observed H z variation does result from stellar rotation with an extraordinarily long period exceeding 70 years. Some ambiguity is left on the exact value of this period. According to Leroy et al. (1994) , its smallest plausible value appears close to 77 years, but it might possibly be as long as 110 years. For a period close to the lower limit of this range, the negative extremum of H z was expected in 1994, while longer periods allow the longitudinal field to keep becoming more negative for a while still. The 4 new measurements of H z reported here show some hint of a flattening of the variation curve, which may be indicating that the star is indeed approaching its negative extremum and would accordingly suggest that the period is close to the low end of the acceptable range. That the mean field modulus (diagnosed from the observation of magnetically resolved lines) also seems to be reaching its maximum (MHLLM) may be another indication of thisbut one has to remember that the H z and H extrema do not necessarily coincide in phase.
Given the long rotation period, one cannot expect to observe crossover in HD 201601.
For the reasons exposed in Sect. 3, quadratic field diagnosis is more difficult and less accurate here than in Paper V. This explains why, for HD 201601, quadratic field could be diagnosed only from the spectra taken with the long camera of CASPEC, and why in spite of the higher dispersion of the latter, the uncertainty affecting those 2 determinations is larger than that of the measurements of Paper V. Accordingly, no real progress is achieved here in the knowledge of this field moment. Based on the (better) data of Paper V alone and on the only field modulus measurement of MHLLM contemporaneous with them, the ratio ( H 2 + H 2 z ) 1/2 / H is found to be of the order of 1.85.
Additional stars
4.3.1. HD 2453 MHLLM have derived a refined value of 521 d for the rotation period of HD 2453, an Ap star with resolved magnetically split lines (Mathys & Lanz 1992) . They have shown that with this value of the period, the measurement of H z reported here is consistent with those of Babcock (1958) and of Wolff (1975) . The slow rotation of the star does not allow crossover to be observed and the quadratic field cannot be determined.
HD 5737
Our single observation of HD 5737 yields null values of H z and x H z , while we could not diagnose the quadratic field. The longitudinal field had already been studied in detail by Shore et al. (1990) . Their 16 Hβ photopolarimetric determinations of this field moment, together with 7 older measurements of Borra et al. (1983) , revealed that it varies mostly sinusoidally between −0.3 and +0.5 kG over the stellar rotation period. The most accurate value of the latter, 21.
d 652, has been derived by Manfroid & Renson (1994) from photometric observations in the Strömgren system. Using it, our observation can be phased with respect to those of Shore et al. (1990) with an accuracy of 0.03 rotation cycle. Our H z value of (−322±140) G, derived at phase 0.312, is quite consistent with the value of −314 G predicted for that phase from the best fit cosine to the data of Borra et al. (1983) and of Shore et al. (1990) .
HD 6532
HD 6532 is a roAp star with a short rotation period: 1.
d 94 (see Kurtz et al. 1996 and references therein). As a result of this fast rotation, its spectral lines show significant Doppler broadening, which complicates the magnetic field diagnosis. Our observation is, to our knowledge, the first attempt to detect the magnetic field of this star. While it yielded null values of the longitudinal field and of the crossover, a quadratic field of about 22 kG was measured. That H z and x H z , which generally vary in phase quadrature, are both small at a given phase suggests that the longitudinal field never gets very large. Although it remains to be confirmed by observations at other phases, we note that this behaviour is similar to that of the only two other fast rotating roAp stars whose magnetic field has been studied so far. Indeed, these stars,
HD 19918
HD 19918 is another roAp star whose magnetic field has never been studied. Here we report the detection of a longitudinal field at the 3.8 σ level. Null values are derived for both the crossover and the quadratic field. But the constraint on the latter is very weak, with a 3 σ upper limit of 21 kG. A high-resolution (λ/∆λ ≈ 115 000) observation in unpolarized light, performed with the ESO Coudé Echelle Spectrograph (CES) fed by the 3.6 m telescope is significantly more stringent. Indeed, from this spectrum, the lines of HD 19918 appear quite sharp, indicating that the field modulus of this star is unlikely to exceed much 1 kG. 4.3.5. HD 22920 Borra et al. (1983) concluded that HD 22920 almost certainly has a weak longitudinal field, from the consideration of the average of four measurements performed by Hβ photopolarimetry, none of which taken alone yields a firm detection. Our single attempt to determine H z is not more successful. But it is noteworthy that it gives a small positive H z value quite consistent with the data of Borra et al. (1983) , thus that it supports these authors' argument about the reality of the field. We detect no crossover in HD 22920 and we cannot diagnose its quadratic field.
4.3.6. HD 36485 6 determinations of the longitudinal field of HD 36485 have been performed through Hβ photopolarimetry by Bohlender et al. (1987) , and these authors have concluded that H z in this star is constant, at a value of −3.4 kG. However, our single H z determination yields a value of −1.9 kG. We cannot decide at present whether the discrepancy with the conclusion of Bohlender et al. (1987) means that these authors have misinterpreted their data or if it results from the use of different measurement techniques. Indeed, inconsistencies between longitudinal fields diagnosed with the Zeeman analyzer of CASPEC and with the Hβ photopolarimeter have been found for several stars and are not fully understood (see Paper II; see also . But they seldom are so extreme as the difference obtained here for HD 36485.
No significant crossover is detected in HD 36485, and its quadratic field cannot be diagnosed. 4.3.7. HD 37058 Sargent et al. (1967) performed the first determination of the longitudinal field of HD 37058 and derived a value of (2500 ± 450) G. Conti (1970) obtained 5 measurements ranging from +30 to +1300 G, with uncertainties of 400−600 G. None of Borra et al.'s (1983) 3 individual values of H z (all negative) quite reach the 3 σ level (the σ of each of the 3 measurements is just slightly larger than 300 G), but their average indicates that a field is detected at the 99.9% confidence level. Therefore Borra et al. (1983) argue that all observations are consistent with a reversing longitudinal field varying with a peak-to-peak amplitude of 2 to 3 kG. If this interpretation is correct, our determination of H z , which is much more accurate than the previous ones, must have been very unfortunately phased, since it yields a null result too. The value of the rotation period derived by Pedersen (1979) is regrettably too coarse to test the relative phasing of our observation with respect to older ones. But the reality of the field of HD 37058 is supported by our finding of a fairly significant crossover (at the 4.1 σ level). We also measure a marginally significant quadratic field, at the 2.7 σ level.
HD 50169
The measurements of the mean magnetic field modulus of HD 50169 by MHLLM indicate that the period of rotation of this star with magnetically resolved lines, discovered by Mathys & Lanz (1992) , must be much longer than 4 years. Consistently with this, Babcock (1958) observed a slow increase of H z from +670 G in 1953 to +2120 G three years later. Our own measurement falls between these two values.
Comparison of the value of ( H 2 + H 2 z ) 1/2 found here with contemporaneous H data of MHLLM indicate that the ratio between the two quantities is of the order of 1.7. Of course, no crossover is detected.
HD 55719
HD 55719 is one of the three double-lined spectroscopic binaries definitely known to contain a magnetic Ap star. The latter has resolved magnetically split spectral lines . Both the characteristics of the binary system and the longitudinal field of the Ap component have been studied in detail by Bonsack (1976) . This author's H z measurements and his determination of the rotation period have been rediscussed in detail by MHLLM. Indeed, none of the two values of the period that he favours is consistent with the field modulus measurements. MHLLM could not definitely establish the value of the rotation period, but 847 or 775 days appear as most plausible. Nevertheless, it seems unavoidable that 2 or 3 of Bonsack's (1976) measurements are bound to be inconsistent with the bulk of his data, regardless of what the rotation period is (they were already discrepant with Bonsack's preferred period values) . Except for these discrepant values, all of Bonsack's (1976) H z data are larger than our 3 measurements. If the interpretation proposed by MHLLM that the rotation period is longer than 2 years is correct, this hints at the existence of systematic differences betwen Bonsack's (1976) and our longitudinal field determinations. This is not unusual but it implies that we need to accumulate more data before we can hope to use the H z measurements to constrain the rotation period.
The crossover measured in our third observation is too marginal (at the 3.3 σ level) to question the long period hypothesis. The first two quadratic field determinations (based on spectra recorded with the long camera of CASPEC) are significantly more accurate than the third one (for which the short camera was used). Their ratio to the average field modulus of HD 55719 (MHLLM) is close to 1.3.
HD 70331
The rotation period of HD 70331, one of the hottest Ap stars with magnetically resolved lines, could not be uniquely determined from the consideration of its mean magnetic field modulus, but it must probably be short, two of the most plausible values being 3.
d 03 and 3. d 65 (MHLLM). Longitudinal field measurements may prove very useful to establish the value of the period more reliably. This field moment is determined here for the first time, yielding a large negative value of −2.8 kG. As is often the case for stars with magnetically resolved lines, no significant crossover is detected (although one cannot exclude to observe it at other phases). The large quadratic field is about 1.1 to 1.2 times larger than the field modulus.
HD 81009
Our single determination of the longitudinal field of HD 81009 is fully consistent with an unpublished variation curve of this moment, obtained by G. Hill and D. Bohlender (Hill, private communication; see also MHLLM) . Rather remarkably, given the rather long rotation period of 33.
d 96 (Waelkens 1985) , crossover is detected at a fairly significant level (3.8 σ). This is fully consistent with the observation of some Doppler distortion in the split components of the magnetically resolved lines of this star (resolved magnetically split lines have first been observed in this star by Preston 1971 HD 93507 is another star with magnetically resolved lines discovered by MHLLM, whose longitudinal field has never been measured before. The two determinations presented here are separated by 0.302 rotation cycle (the period is 556 d). That they differ by 1 kG suggests that H z undergoes quite sizeable variations. The second determination of the quadratic field, based on a spectrum taken with the long camera, is considerably more accurate than the first one, for which the short camera of CASPEC was used. We only compare the former to the field modulus at the same phase: the ratio between them is 1.07. HD 93507 rotates too slowly to show observable crossover.
HD 116114
The observation of magnetically resolved lines in HD 116114 has first been reported by Mathys et al. (1993) . From the mean field modulus measurements, it was inferred that the rotation period must be much longer than 3 years (MHLLM). The first measurement of H z which we report here yields a large negative value (−1.9 kG), while the quadratic field is 1.2 times larger than the field modulus. No crossover is detected.
HD 134214
The roAp star HD 134214 (Kreidl 1985) has one of the smallest field moduli measured by MHLLM in any star with resolved magnetically split lines. These authors were unable to derive a definite value of the period, but the latter may well be short. A tentative value of 4. d 1456 is suggested by MHLLM. Should this value prove correct, the two observations reported here would be separated by only 0.104 rotation cycle. The fact that no significant measurement of either H z , or x H z , or (
is obtained from any of them would then only be a weak constraint.
HD 137949
MHLLM have shown that all previous measurements of H z (Babcock 1958; van den Heuvel 1971; Wolff 1975) in the roAp star HD 137949 (Kurtz 1982) , together with our two measurements presented here, consistently indicate that the star has a very long rotation period (possibly more than 75 years). The crossover measured from our first observation is not significant enough (at the 3.3 σ level) to challenge this conclusion. Our two spectra were taken with the short camera of CASPEC, and the (
1/2 determinations have uncertainties too large to be really meaningful.
HD 144897
We are reporting the first determination of the longitudinal field of HD 144897, an Ap star with resolved magnetically split lines (MHLLM). The phase of this observation is about mid-way between the maximum and the minimum of the field modulus. If the H z and H extrema roughly coincide in phase (which is not infrequent, even though some stars show large departures from this phase relation), we expect H z to reach at its maximum a value significantly greater than the already large +2.0 kG derived here. Not surprisingly, since the rotation period is fairly long (48.
d 43), we observe no crossover. Comparing our good measurement of ( H 2 + H 2 z ) 1/2 with H at the same phase, the ratio of the two is found to be 1.13.
HDE 318107
Magnetically resolved split lines had been sought (and found -see MHLLM) in HDE 318107 following North's (1987) report that the rotation period of this star is 52 d. Somewhat ironically, the field modulus measurements proved inconsistent with this value of the period. They were however too noisy to allow MHLLM to establish what the actual value of the period is. Longitudinal field measurements may prove most useful to this effect, since the variations of this field moment are often (relatively) larger than those of H . The first determination of H z reported here is promising, since a large positive value (almost 2.0 kG) is obtained, with a reasonably small uncertainty (230 G). The achieved determination of the quadratic field is pretty accurate too. The ratio of ( H 2 + H 2 z ) 1/2 to the average of the H measurements of MHLLM is close to 1.45.
HD 166473
Our interest in HD 166473, originally motivated by the fact that it is a roAp star (Kurtz & Martinez 1987) , grew when resolved magnetically split lines were discovered in its spectrum (MHLLM). The mean magnetic field modulus of this star varies slowly, with a period still unknown, but definitely much longer than 3.2 years, and a large relative amplitude. Our 3 measurements of H z (the first ones ever obtained for this star) have been performed over 2 months, close to the maximum of H . Not surprisingly, H z shows no significant variation over that time interval. No crossover is detected. From the last two, more accurate (long camera) determinations of the quadratic field, the ratio of the latter to the field modulus at the time of our observations was 1.30.
HD 176232
The first study of the longitudinal field of HD 176232, a roAp star (Heller & Kramer 1988) , was performed by Babcock (1958) . If the uncertainties he quotes for his 6 determinations of H z are not underestimated (as has unfortunately often been the case for photographic H z measurements), these determinations rank among the most accurate ones ever achieved, and all of them indicate that HD 176232 has a small (between −315 to +440 G) but definite longitudinal field. The accuracy of our measurement of H z is significantly worse than the accuracy claimed by Babock (1958), and we do not detect this field moment, nor crossover or quadratic field.
HD 193756
We neither detect any of the three field moments considered in this study in the roAp star HD 193756 (Martinez & Kurtz 1990 ). We are not aware of any other attempt to diagnose the magnetic field of this star.
HDE 335238
HDE 335238 has long been known to have magnetically resolved spectral lines, from which a large, variable field modulus is derived (Preston 1971) . But probably because of its faintness, it has not been paid much attention until MHLLM's recent systematic study of the magnetic field modulus. These authors were unable to derive an unambiguous value of the rotation period, but they showed that it must without doubt be between 40 and 50 days. The phase of our observation is accordingly unknown, and in particular, we cannot relate the quadratic field that we determine (+10.5 kG) to the field modulus. We also detect a fairly large negative longitudinal field, and more unexpectedly, a (somewhat marginal) crossover (at the 3.4 σ level).
HD 203932
HD 203932 is another roAp star (Kurtz 1984 ) whose magnetic field has never been studied before. Our two attempts yield no detection of the longitudinal field or of the crossover, and we were unable to diagnose the quadratic field.
HD 216018
We find no significant variation of H z nor of (
1/2 between our 3 observations (spread over slightly less than one year) of HD 216018. We do not detect any crossover either. All this is consistent with the very long rotation period (much longer than 3 years) inferred from the variations of the mean field modulus of this Ap star with magnetically resolved lines (MHLLM). The ratio of the quadratic field to the field modulus is of the order of 1.25.
HD 217522
The only hint of a magnetic field that we find in the roAp star HD 217522 (Kurtz 1983 ) is provided by a very marginal (2.4 σ) quadratic field measurement. Our single observation (which is the first one aimed at detecting a field in this star) does not show any significant longitudinal field or crossover.
HD 218495
HD 218495 is another roAp star (Martinez & Kurtz 1990) whose magnetic field has never been studied. That both the H z and x H z determinations yield nonzero values at a low level of significance (2.2 σ and 2.3 σ, resp.) may be purely coincidental, but it may also indicate that the star indeed has measurable longitudinal field and crossover and that our single observation was unfortunately phased approximately mid-way between the extrema of both those field moments. The quadratic field could not be diagnosed.
Conclusion
We have presented 95 new determinations of the mean longitudinal magnetic field and of the crossover in 44 Ap stars, which complement those already published in Papers III and IV. For the mean quadratic magnetic field, only 79 measurements are reported: the attempt to diagnose this field moment yielded a result devoid of physical meaning (a negative value of the mean square magnetic field) for 16 observations. As already noted in Sect. 3, the quadratic field diagnosis proved more difficult than in Paper V, since the changes of instrumental configuration between the various observations of a given star prevented us from combining them to derive a single contribution for the combination of the non-magnetic part of the line profile and of the instrumental profile. The reduced wavelength coverage achieved with the long camera of CASPEC used with a "small" (512 × 512 pixels) CCD, and the resulting small number of lines available in some cases to diagnose the field, also severely hampered our ability to derive a meaningful quadratic field.
As indicated in Sect. 1, one of the purposes of the observations reported here was to monitor the evolution of the performance of the Zeeman analyzer of CASPEC throughout the modifications progressively undergone by the instrument. To this effect, we reobserved several of the stars that had already been studied in detail in our previous work. The present determinations of the longitudinal field and of the crossover for these stars (e.g., HD 125248, HD 137909, HD 147010, . . .) are consistent with those of Papers III and IV, indicating that the polarimetric performance of CASPEC has remained mostly unaltered through the configuration changes. With the long camera of CASPEC, the uncertainty of the best measurements of H z (achieved for stars with rich, sharplined spectra such as HD 137909 and HD 201601) has gone down to 45 − 55 G. This improvement with respect to the smallest errors of 80 − 90 G obtained in Paper III reflects well the increase of resolving power by a factor of about 2 resulting from the change from short to long camera. Similar progress is achieved in the accuracy of the crossover determinations (again, see e.g. HD 137909), where the smallest errors are in the 400 − 500 km s −1 G range. By contrast, the accuracy of quadratic field data is often worse than, and at best similar to that achieved in Paper V, due to the already repeatedly stressed impossibility to combine observations obtained at different phases for the derivation of this field moment. As mentioned in the previous papers of this series, the formal errors that we determine from the rms of the least-squares fits performed to derive the field moments appear as good estimates of the actual measurement uncertainties. This is supported, in particular, by the fact that, for stars repeatedly observed throughout their rotation cycle, a reduced χ 2 close to 1 is generally obtained when fitting the data by functions of the types given by Eqs. (4) or (5). This indicates that the uncertainties assigned to the measurements are consistent with their scatter about a smooth variation curve.
For several of the stars, the new measurements obtained here allowed significant improvement to be achieved in the definition of the variation curves. This happens, in particular, for HD 137509 (see Sect. 4.2.10), whose magnetic field is as a result shown to be predominantly quadrupolar, a structure which had been observed so far in only a couple of stars (Thompson & Landstreet 1985; Landstreet 1990) . HD 137509 had already been pointed out in Paper V as a star of particular interest, for having the strongest quadratic field measured so far. The present finding of a strong quadrupolar component in its magnetic field still increases this interest.
Our new quadratic field data for HD 153882 bring full confirmation of the suspicion expressed in Paper V that the variation of that field moment is best represented by a sinusoid with twice the stellar rotation frequency, with no significant contribution of a term with the rotation frequency. This does not imply any peculiar structure of the magnetic field: depending on the geometry of the observation, such behaviour of ( H 2 + H 2 z ) 1/2 might be seen for a centred dipole (very much like in the case of the mean field modulus, which has been discussed in some detail by MHLLM).
The knowledge of the rotation period of several of the studied stars was improved as a result of the measurements reported here. A refined value of the period of HD 119419 has been derived, thanks to the longer timebase now covered by the avaible data. New measurements of the longitudinal field of HD 24712 almost certainly solve the ambiguity between the values of the period proposed by Kurtz & Marang (1987) and in Paper II, providing strong evidence that the latter is indeed the correct one. As shown already by MHLLM, combining our H z determinations with those of other authors for HD 137949 gives clear indications that the rotation period of that star must be at least of the order of 75 years, making it one of the two Ap stars with the longest period currently known.
In the course of this study, 14 roAp stars (out of 28 such stars currently known) have been observed. For 6 of them, no attempt to detect a magnetic field had ever been made. Magnetic fields are believed to play an essential rôle in roAp stars. According to the most popular model for those stars, the oblique pulsator model (Kurtz 1982) , the pulsation modes are aligned with the magnetic axis of the star. Even more fundamentally, most assumptions made about the excitation mechanism of the pulsation require the presence of a magnetic field. This stresses the interest of studies of magnetic fields in roAp stars: even the most basic question whether all those stars do have a magnetic field is crucial. The following elements of answer are brought by the present study:
-the first measurements of the longitudinal and quadratic fields of HD 166473 have been obtained. It is no surprise that these field moments are large, since the field modulus of this star, diagnosed by MHLLM, is also large (and slowly varying); -a somewhat marginal determination of the longitudinal field of HD 19918 was achieved; -no significant longitudinal field was found in HD 6532, but the strong quadratic field of this star appears quite definite. This is similar to HD 128898, already studied in Papers II to V, in which our new observations still fail to yield a definite longitudinal field measurement but confirm the previously diagnosed quadratic field; -our two attempts to measure H z in HD 134214 yielded null results, but the presence of a relatively weak field in the star had been definitely established from the observation of magnetically resolved lines (MHLLM); -no non-null value of the considered field moments could be measured in HD 193756, HD 203932, HD 217522, and HD 218495 (all stars whose magnetic field had never been studied before); -our attempts to detect a field in HD 176232 also failed.
In this star, the only evidence for the presence of a weak magnetic field rests on photographic longitudinal field measurements (Babcock 1958) , whose unusually small estimated uncertainty is probably not beyond question; -finally, new data have been obtained improving our knowledge of the fields of HD 24712, HD 83368, HD 137949, and HD 201601.
In summary, more investigations of the magnetic field of the roAp stars would be most desirable, since at present, it is not even clear whether some of them are magnetic at all. We are planning to pursue such a study. The sample considered here also contains 21 Ap stars with resolved magnetically split spectral lines, out of the 42 such stars currently known (MHLLM). For 8 of them, we report the first determination of the longitudinal field. Our two attempts to measure the longitudinal field of HD 134214 were the first ever made; that both of them yielded null results may possibly be purely coincidental and result from an unfortunate phasing of the observations (see Sect. 4.3.14) , as it definitely is for HD 165474 (see Sect. 4.2.14) . A long-term programme of systematic study of the longitudinal field of the Ap stars with magnetically resolved lines is in progress, with a view to modelling the field structure from the simultaneous consideration of longitudinal field and field modulus (from MHLLM) data well distributed throughout the stellar rotation cycles.
Generally, the results presented here are intended for future use in determinations of the geometric structure of the magnetic fields of the studied stars. This will be the subject of future works.
